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Fractographic Examination of Failed
Helicopter Tail Rotor Hub Yoke

Reference : Bureau of Aviation Safety, National Transportation
Safety Board, Department of Transportation, Washington, D. C.
Request by Mr. Michael L. Marx, dated August 29, 1973.

Accident Information ; Brantly Helicopter Model 305,
registration number N2203V. The accident occurred on
May 22, 1973, in Denver, Colorado.

Part Submitted : One fractured tail rotor hub yoke as shown
In figure T~.

Purpose : The Bureau of Aviation Safety requested a fracto-
graphic examination of the failed yoke in order to determine
the mode of fracture.

Results of Examinations : Visual and macroscopic examinations
of the fracture surface indicated that two crack fronts had
formed, and had originated almost diametrically opposite each
other at the outside surface of the yoke. "Ratchet marks"
on the fracture surface indicated that each crack front had
formed by the joining of several separate cracks. The
general regions of crack initiation are indicated by A and B
in figure 2, which shows one of the fracture faces. The
crack front originating in region A propagated slowly to a

depth of about one millimeter, while the one originating in
region B propagated slowly to a much greater depth before
final rapid failure occurred in region C (figure 2)

.

Examination of the fracture surface with the scanning electron
microscope revealed strong evidence of fatigue striations in
one area of the fracture crack originating in region B. An
example is shown in figure 3. Other evidence of fatigue
striations, although not as strong as that shown in figure 3,
was found in other areas of the fracture crack originating
in region B. Examples are shown in figures 4 and 5.

Weak evidence of fatigue striations was found in areas of the
fracture crack originating in region A, an example of which
is shown in figure 6. Several large inclusions were found
on the fracture surface near region A, but none of those
observed appeared to be associated with a crack origin.
One such inclusion is shov^n in figure 7.





Figures 8 and 9 show areas in the final fracture region
(region C, figure 2) . The principal fracture feature is
dimpled rupture, but there appears to be a significant
amount of porosity-. There also appears to be a number of
"holes" where inclusions may have been.

Discussion and Conclusions : This tail rotor hub yoke
appears to have failed due to the propagation of two almost
diametrically opposed crack fronts to sufficient depths so
that the reduced cross section of the part could no longer
sustain the applied load, resulting in final fracture due
to overload. There is evidence that the deeper crack
front propagated in fatigue, and, while the evidence is
less strong, the shallower crack probably also propagated
in fatigue. A number of large inclusions were found on
the fracture surface, but none of these appeared to be
associated with a crack initiation site. A significant
amount of porosity was evident, particularly in the
overload region of the fracture.





Figure 1. Tail rotor hub yoke as received.





Figure 2. One of the fracture faces. A and B
are regions of crack initiation. C
is region of overload. X 4

Figure 3. Scanning electron photomicrograph
showing strong evidence of fatigue
striations on the fracture crack
initiating in region B. X 1000





Figure 4. Scanning electron photomicrograph
showing evidence of fatigue
striations (arrow) on the fracture
crack initiating in region B. X 475

Figure 5. Scanning electron photomicrograph
showing evidence of fatigue
striations (arrows) on the fracture
crack initiating in region B. X 1800





Figure 6. Scanning electron photomicrograph
showing weak evidence of fatigue
striations (arrow) on the fracture
crack initiating in region A. X 1100

Figure 7 . Scanning electron photomicrograph
showing large inclusion on the
fracture surface near region A.
X HOO





Figure 8. Scanning electron photomicrograph
of overload area of the fracture
showing porosity and "holes" where
inclusions may have been. Dimpled
rupture is the primary fracture
feature. X 100

Figure 9. Scanning electron photomicrograph
of overload area of the fracture
showing porosity and "holes" where
inclusions may have been. Dimpled
rupture is the primary fracture
feature. X 200
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